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mmmcrMM] 

[ n&m i ] mi wRMtttt*/* 1 o&a&ttii/m 
i vmmm/w. 2 ^sgttJi/is 2 <rmmm/w. 3 
w^etes/m 2 com3£®m tmm § fifcSMKtt ~s 
hy^^Sr^r-rsm^ffiK^m^T-^^T. MIS 
m 2 wsfisaHta** c o msik t m$ c o n i - 

F e^t/C ol^(03lli)^^i3 , lolEffil^r^ 
LII3 cDSfiitttJItc h >*/P«tt&iWi k S«W k -f 

[ i**ir 2 ] mi tfoasBsttw/m 1 mws/m 2 
«BHKtt«/m 1 nwm&Vtm/m 3 cossete/i /m 2 

1 *j i tf»4 emWZMtfC o ftttC o 

/N i -Fe^/CoS^-^O^JiJK*^^ 1 ?. MIS 

m 1 *v^ti(S4tf5as«EttJifc h y^i^ateswi t £ 
#s$:k t-4M£ijK!jjy»^ . 
t it*ia 3 ] mi coKmrnfm/m 1 ^attts/m 
1 vmwm/w. 2 ammm/w, 2 osst wi/m 
3 cmm&m/w, 2 <?mmkm/w,A commm/m 3 

-r § «saESB»**TO6 -5 *c , mi em 1 ts ± v m 4 <z> 
sssseei jtiifflriEse 2fc±yi3 oassstts^c o s 

^SfcJiC oI^i/N i - Fe^/C oS^CO 
HJMta^fct), Miami *V>UM<?5BH8ttJifcb>' 
*A«tart-i k &^kiT4^ffiSi3&IIIS^ 0 

t » *H4 ] jfs 1 ^gassa «/m 1 vmimm/'m 2 
^■ustt/i/m 1 ^mmm/m. 3 ^ss^ttB/m 2 <z> 
^®i4ig/m4 2 coim^m/m 5 

%&mmm^xfo->x , swcu^as^ $3, 

m4 co»«f!Mi^HKtt»*^LT^«ffl»^LT*i 

0 . friam 1 a x vn 5 co»i4Jg*>'c o /st± 

C o N i -FeWC o*£&ct>HJHK#'6> 

Kt *) , Miam 1 Srvi tm5 ^SS^ttJBtc h y*;P«SE* 

[|f*iI5 ] itutec o3££&4fcliC oMt/N i 

— F e o K^«HJ1M^0]1¥^\ 1 — 5 n m 

r * « i t t - t 4 if* Ji 1 4 v * L 4 co v vf?ij&»fc 

[|f*H6] h^yyX^i^li^^-Fi:. If* 
« 1 ^^L40^^ix^H:iatt^mfiKSf)*«^ k *■ 

[ if **f 7 ] h 5 y ? ±t*±yA h k , if* 

3? 1 & fcli 3 ^IBtfeO^EK^m*^ k £ JW1 Lfctt 

$se»#ffctivvc, ffiieiimsiiS»m»-?^=3:<k 
[ if *ii8 ] «flarrti36<iB»s*ifc» 1 emnmrnm 

k. micol^Sftiik. BMt^3&«RlKT>ri&3r«ES!tE« 



m k . m 2 OSTOMI k , BWtfiTI*I*WSnfcJB 2 <n 

4 2 ^<nm&mw%B$Lm/&m& t x a 9 . mia 2 ^eon 

[»S9 ] aMtJSrWAWSrfifcffi 1 C0«MKES»* 

k , m 1 «i§*#:«k . mitxfavmz^m^mmMm 
m k . m 2 orwm k . atftdsrrtiiws*^* 2 co 

4 2 o^«H£B^K3SKfflS^- LTfc D . Ml am 2 coil 

-aLxa K> . ttriam 1 0MttBmme>&zifi > mriam 2 

4«*^'fbt)^IKWtcR 3 FffC*4 «r k ^#mk~T4 

[if*jf 1 0 ] if*if 8!e»^s&MKft*^ imju-t 
4 Miam 1 4 ^{±m 2 o&MUBttJifrji ltmib?smib 

»StcxeymaE^«^-T4 k k t> lz. «#ii^ffl^ie 

it LxmEmmmm izwss&r & eran-r 4 

>! k *#mk^-4SMIBi*« z F^«»§3i^^» 
[|f*il 1 1 ] lf*if l^L4 WftLip£3&&0) 

[0001] 

[0002] 

#t, ffiffl?affiism^v^kv^#^'*4^^>. 
(«wias3ft«^ty, mr am ) %t*i>m^n 

(4, ^Sm;ttt-4!8USA^v^k. ^it^Jib^X 
b - H #a ^ i k *ig*$ tih . 
[00 03] ififp, 2o<05fi«H£J|<oi3ICBI«fMi&flr 
ALttvK^yflML^ HffitSltt^4h>' 
^m^^^Jffl-T4aMffiSiS&»S : ?. v ^*>»9>43l«tt 

T M R ) tUMJlii S tiT v ^ . tt h y *>Hfc£*ft4 
2 O%J2Lh<Oi»S^S0Efb**^ ( J • A P P 1 . P 
hys. 79, 4724 (1996) ) $3KA>y 
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ffiSStfWWtfaSr 9 4 t^o Hffi#*£> l> (Phy 
s. Rev. Lett. 74, 3273 (199 
5) ) . 

[ o o o 4 ] tfz. mffi-mhy*tv&&&mi&r& 

Sf^FjWjBKS^-CV^ (Sif 1 0-4227). 
[0005]-*, Fe/Ge/Fe/Ge/Fei^ 

mm&mmm^- iz& v vt « . xt- y^astse t- y 

S&St J: 0 * M R SSffc***** ^fihZb tpmkmz 

"f-M^itX^t (Phys. Rev. B56, 5484 
( 1 997) ) . L^U -Til&fcMKift (8K) T?<Z>*S 
ST* 0 . SfiTJJEtf) =t 3 $3B4feMB£ 4 i fc te^M 
§ifltV^l\ 3ri3, itfOMT'iiA 1 2 o 3 , Si0 2 , 
A 1 NSrJfeoSWflsfclBvvrvvSrv*. ±fc, ±IBflKSo 

tm^um, ibjjim* gust-*-* tuo rasa** 

So 

[ooo6]$^c. aaEfi^^Hfts-^teBWflcfli* 
£*f3SHKfli£S h y^m^m^i&^tix^ ( p 

hys. Rev. B56 (10) , R5747 (199 

7 ) ) ; 2 3,4-2. (1999); 

Appl. Phys. Lett. 73(19), 282 
9 (1 9 9 8) ) . ZK^mTX'h 2 0 %l^±,C0m.% 

fc. MfiffiZSby*/I/»£*fli. EPMJ±£ltB>L 
T t> &$Ugifi^ft^M^>h3 ^ V > o ffl&tffo 4 „ 

ttJB^v^*, MRAM^tcSffl-f-S tMJK^<7)«§ 

/Pgc^S^ (Appl. Phys. Lett. 73 (1 
9) , 2829 (1998) ) Tit. RVfMK^K^fL 
fclffltttJitfC o , N i 8 0 F e 2 o 4 fftfD#JMW» 6 £4 

[0007] 3ft«tthy*/l4S£*P*MRAM2r4rfc: 



(7'j-i, tjwiaaw (m^lmr) £ep 

* (x-f ■yf-y^ns^) tfiffliiU »&3i»wfc«>t:K 

«^*<?>tM±£: tit, ii^^cofiamTj^iiJirr 

4o Witf. 1 GbJJli^IMRAMf^^Xt 

4o 

[0008] i« «t 3 4BMIt»«k-^4 1 L 

dfjt^* s 5r$:flT^4 (J. Mag. Mag. Ma 
t. , 159 (1996) LI ; J. Mag. Mag. 
Mat., 202 (1999) 157). L* S U 

t wx 4 * < & o » h > *;nejM*<«E« 

[0009] 

[ooio] ^wncom^smz. ^^v-^^cnm^Hz 
[ooii] nmxoz t>fci&<Dmffli, xtyaAt 

^S^P^ 4 £ tWS 4^1211*^^^.1^^ 
IBS*^^«#3i^73S^^f*^-4 £ t {c*4 . 
[0012] 

[^s^i?^-r4^to^g] *5g0)!^m i ^nmstit 
s&**? fi . m i ^mm\m/m i i 

y^ji^&ft^a«fiffliiftiot, mm 

<>m^±$.fzl±C ol^/N i - F 
e ^±/C o S£&c9HJM&&»£> 3r 0 . file® 1 =3r^ L 

4o 

[0013] *%Hgom2^siffiSi^m*T{±. mi 
i emwrn/m 2 <mm&m/m 1 <r> 
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msmtm%m?x*fc ~> x . mmm 1 a £VM4 nmi 

fiiKoMi4tliCol^#/N i -FeM/ 

[0014] *»qH<oflf3««saHna»iaimi. mi 
(7>Kmmm/m 1 ^gaatttJi/ss 1 <nmmfcm/m2 
<mmm/m 2 ioM^tt/i/s 3 «3iiMi/s§ 2 
(rmntm/mA emw&m/m 3 ^ssstttJi 

ft-i>-5T, mm 1 a £VM4^mv£m%fd&wm 

#/N i-Fe-&A/Co3fr&A<o=Jiii6>i5>5r>5, tu 
[0015] *%BJi7)|g4^Kmffifil?iia*^{i. 31 1 

*>»««*/* 1 <?mwkm/m 2 o3ii»i/sfs 1 <o 

*N8tt*/8S 3 o9fi»ttJB/H 2 <^N8tt«/if4 <nffi. 

mmm/m 2 £>»»wi/j& 5 vma&tMiffimztvk. 

o T , 5 W=K 9 ^ 5 * 2 . US 3 , IS4 Ottttttff 
SWM*^'LTRSSlWffiBF#UTfe l 5» WIESIS1 it/ 
®5cD3£il'l4S#C o^itaCoMt/N i - 
F e -£^/C o M-£<kCDE.mMfr t> tc 0 » tMES 1 fcV* 

l^5 osissttJHt h >*/nss*art-£ t 

So 

[0016] ^^W«S«Sfii3»^Pfcti^T«, ffif 
ffiCo*&&£fc{4Co£-£&/N i-Fe^i/Co 

m-^^Emmcomm^K 1 -~ 5 n m -c& & ; t mit 

[0017] ^WMcoMmdim^li. l7>yx^i 
[0018] *^Bjfo^lB«*^ Id . b 5 yy'X ? £ 

[0019] ^f&Bj^flf^emie^fR^i. awfc*-fo# 
s*§ *ut» i omuswi t , m i ^t»wi fc , m 

{&m&W&tt%W5l8EMM b.M2 commkM t , 

mfUftoWEmz tuzn 2 ^mitmmm t l „ mis 

IS=^JK^«^t-|>2o^14«^K5imtt 
t T a *) , mi IB 2 o«o«flM*<o8WfMI{cSrt- 

[0020] i&m<ni& i6\,zm<mmmmFt-\±, mt 
jfMtmmzivfcm 1 <^mitmmm t . mi ommm 
b. mttXfaWKWzmmstgmmh . %2<?mw& 



m b . mttJrttfmmztitem 2 vmwetm t 

ffilwaMEES**^***, 1ufEii2^«HtlS#Jl:Bi; 

fwiwti,s i t swat -t* . 

[00 2 1 ] ifL^W^fllEIW^cTX^ii^TJffi 
KmiE««^^ffiR!c^-|>lulESl 4fcttJS2«BHt 

[0022] 

[0023] Hi fc*ffiffi<oJS 1 ^m^ffiKSi;**^ * 
^•To i«e^ffit)i«ja«^i OTtt. ffiiwK?fiett 

mn /mi ^m\m 12 /mi <nwmwm 1 3 /» 

2 «5fiMttg 14/H2 co!f«#;ii 1 5 /St 3 

ii6/$2 ^s?$iittJi 1 7 & am uTsissttrfi b 

mim.wms^m.^tmi 2. 1 et^ym mitm 
mm ) , S2 emmttm i4&y u -s ( m ramoi 
^tettatsiiBMW) mi^mmmmmm^x 

(7tt iH'Co-Fe % Co-Fe-Ni^fc") £fzlt 
C oMt/N i - Fe^i/C oS^tOHgH* 1 ^ 

[ 0 0 2 4 ] 0 2 t*«HJ«SS 2 CO^ffitiiSS**^ * 

5^. z. c^mmmm^m^ 2 0 rii , mi^ae« 
2i/»i cotsms 2 2/m2 n%m&.m 23 /mi 
(nKmm&m 24/^3 ogiiittJi 25/12 ^ts«#: 

Ji 2 6 /fit 4 OSSSttt/1 2 7 LT»ft^S h y 

4<nmmm^vy^)vmf&\ii-$ « zcnmTxn. m 

2ts«tt^Sf3o3fiaH4JB2 3, 2 stftrvJi, miisj: 

t^H4^BSttJi2 1 . 2 7 #'7 'J— Jg (MRAMOt 

fcv^n 7V-mx°fo&mii5 3:'(sm4vmm!tm2 

1. 27i J Coi^(^i:ilfCo-Fe 1 Co-F 
e-Ni^f) i«iCoS^#/Ni-Fe-&i/C 

[0025] H3 iz^mmcom3 nwsmmimm? s- 
jjrf. ^<7)?K»,ffiffi^*T3 0T"«, mi^R^ae 

J13 l/mi^3S)lttS3 2/^l^«#c*3 3/^ 
2 «5Silttg 34/^2 VMim'&m 3 5/13 c05iS 
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e83 6/fS2£oi#«wi3 1 /w,Avmm&mi &/ 
m 3 nsmmm 3 9 £«8 lt ststttxs h >- */hr 

xfw,3 cvsmmm 34. 3 e & t-ymt LxmrnttiM 

(MRAMcDii^-«±®miB»S) — ST, Igl 

& ^'11403^1483 2. 38%t°>mt utiaitL 

3fc«£-fc:l±3l 2 ±3 3 ^3fi&Stt8 3 4. 3 6 A* 7 'J 

-8 (MRAMcDftl^iiSmfEliJf ) SI3<D 

4, mi33«tf f g54<?35fil»ttJB3 2, 38. 4fc«±lg2 
*3 1 VSff 3 OSSUKttJi 3 4. 3 6 CO V vf fl^ffl^ C o 
(tti(fCo-Fe. Co-Fe-N i^rt") 
oS-g-^/N i - Fe^t/C o S<g-#<7)^JI 

[0026114 ^f^*4«a»UEB3MBIt^* 
4 1/11 OifffiflsJB4 2 /||S 2 03fiM1484 3 1 

^rattta 44/g3 «3ssitt8 4 5/S2 w«tt8 

4 6 /SI 4 0»I48 4 7 2 £>i8*ffcJi 4 8 /H 5 

«5s»i4S4 9 UTafflEttza b y^ivm-kzm 

3 , fSAemSmMA 3 , 4 5. 4 7li#flH£Ji4 4 . 

4 6*tf-l/tKaH8ffiNr£L'OV&. ioS^TJi, ffi 
2 3^LS?4£D3$mttS4 3. 4 5. 4 7^1. 3? 

nm.ifm^^mw&.mA 1 . 49^7'j-i (mra 
*^ ti± . 7 y - ji-c* sni ±ws 5 cogsnffis 4 

1 . 4 9^'C ol^i ( £ £ i&'C o-Fe. Co-F 
e-N i&£) 4fcliCo3fr&A/N i - Fe^/C 

[ 0 0 2 7 ] us izm4 ^m^Mim^m^commm^ 

1484 5tf>f&b>J(c, Z<rmW&m<?>'Pmtz5i3m&M 
*K(t>t*fBftt=Sr*>-feU«a«t*4 5 a/gSttBtt* 5 0 
/M«tM4 5b<a=JiK£jft8l/0>S. 

[0028]^. 

m2£J;l/ : 'gl4cD^f484 3. 4 7^<f;i»-J 
tC»ffi!£^T^SM'[48£l£«-T tin. 

[0029] W;SSiittzih y^/ktt^^s 
[0030] sfsUBjfcflssaisRttzsh y^i-m-sm 



tit. MttmtM (b°>8) OXb°>-^K5fi®ll«*^ 

m o ® l t t oh tmmmnwm,* > t- w mutt z> 
[oo3i]t/;. *miiz{&&mgmim&m?T 

(Co-Fe, Co-Fe-N i^) £tzi&Com&& 
/N i-FeM/C o3^A<0HJMItfflV^V^. 

Hlfc:ett4fiS2«oa«8ttJBl4, H2K 
fcft£fl?li3J:y ; 'S?4<7)3fiffi482 1 . 27. H3fctJ 

if&mi&£v : m4<7)%m®m3 2. 3 8. 4fc(4js2 

iJ ± tf|S 3 <753S8»ttS 3 4.36 W«fi, 04 
fci:t^5K:fefr4*lfcJ:t^5<0SH8ttJi4 1 . 4 

MRZmu^&fzMzm&lzffi'tWifci'hZ <-?&zt 

3& S T*S 5. 7'J -8iC C o *£^/N i - F e -£~£/C 

-r k iz X -5 T . EKmMfak* § & i*tMH-T"§ h . 

[00 32 ] Wfc. I33fi0ttii^*t-4^ffifii3»m* 

i. 3 9^^mzm2<7)^mmm3 5comm. mm. 

^fflMZ^z.&Zklzk-oX&fiilzmMtX'Z&k^o 
jfibfce***. z\cr>tztb. m3<vmdmii, ±JfiLfc4 

3£0«JS{4. JnX^-^WS^o>^0. S-^-fflW 

x&mMnmm&w^tix^&fijiz, w*&amm*iz 

[00 33 ] *%BJ<7)^Sifi^!)**^ SrfKiffllra 
X-t S l^tc . Jnx«JS^±if 5 Atcti^fls^JRJSWS 
n;W ! fiLi\ iWjSfJi. 02. H4 4fcii:H5 

[ o o 3 4 ] mz, jfwmM%mrn$m^*mm- 
(^121*8) lauiaccoi^ (Co 

-Fe, Co-Fe-Nif) $. ?t{4C olM/N i 
-F e-^i/C ol^i<?)HiI»^^§ ( 
<Itt^<7)-^-#tAg, Cu, Au, Al, Mg, Si, 
Bi, Ta, B, C, O, N, Si, Pd, Pt, Z 
r, Ir, W, Mo, N b&£«0#Hffl&7C*£***in 
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•th^t &x% , ^tL^^ffl^tii^ u -Jtt-ita* 

[ 0 0 3 5 ] 7 'J— Jf<7)JI${4. 0 . lnm-lOOn 
m»4L<, 0. 5-5 0nm^J; 1 9*f4t<. 1 — 

$ fc i -5 T liSil-CjH?IM»tt t^n p^mm& 

WtfSnmiiliiJ:, SMffifnMSH^MR AM 
RH-Lfcfc St, KlEWfeP 1 0 0 o e ZMz-&fztbffi 
# 5 n m £ jB*. & t , M RSffWW 7XfflB0±# 
7 1) -Mom 3 26* 1 - 5 n m<0*EHT"&Mf . ttffi 

[00 36] e>Ji<otf«iimaMiRS#ti*. F e , c 
o, n i A^liiix^wi^ 7t"y^I$co^^nv 

^*:MK Cr0 2 . RXMnOs^fRiftil, 
X ; C a , B a , S r ) &ifi9BHt$3. N i M n S b , 

X'fcKl. 0. 4nmJ,4±T'&££fc£*#F4U\ 

M«tt*ifcM:^j&»g'9, ■Iift.'ollttftfcAg, Cu, 

Au, A 1 , Mg, Si, Bi, Ta, B, C, O, 

N, Si, Pd, Pt, Zr, I r, W, Mo, Nb^ 

[0 0 3 7] 3r*i, E3S«tt*fc±-3TK>'*£9KH 

S**t*tRRSS*L-f , Ru , I r , C r , C u%b"<7)£ 

mcommno. 5—2. snmtjbsitwiui. 

fi8f£B<9ffil)¥(iO. 7-1. 3nm?fcS:tii { ±W 
4 ftfrWCKi. C o ( ±til±C o - F e ) /Ru 

/Co (^liCo-Fe) , Co (i«iCo-F 
e ) / I r/C o ( *fcJAC o — F e ) JHHB** 

[0038] ^S^'ffiJB^WWi: LTii. F e -M n , 
Pt— Mn, Pt-Cr-Mn, Ni-Mn, Ir-M 
n, NiO, F & 2 0^b^m\^^bifiX'%t. 



[0039] mmwm^mfAb lx\&, a 1 2 o 3 , si 

0 2 , MgO, A1N, Bi 2 0 3 , MgF 2 , CaF 2 , 
S rT i 0 2 , A 1 LaO^b'im^^'lb^X-^^. 

mrnfamiz. mm. mmtrnty vm^xmti^tx^ 

MfftK. 1 0 nmiiTF. $ <b£ 5 nrnfiimS 

[0040] ^minmsmmto&m^mmztL&m 
MimizmfcZfL-f. si, s i o 2 , a 1 2 o 3 , 7t° 

A 1 N^t'#8S«^^|,;j:Asn h, 
? LT t> i < . 4fcS»aifS36»R^<?5±9lt« 

^fcLTfi. Ta. Ti, W. Pt. Pd. Au. Ti 
/Pt. Ta/Pt. Ti/Pd. Ta/Pd. 4fcii 

t i Nx^b'com-im^b'im^^zbiimt u\ 
[0041] ^mwizffi&mm&frfflmmTiz. 

[0042] act, *»w«a»tta(Bft^F*s(fflL 

fc»5SEfl*F (MRAM) fcowciKli-rS. 

^mfifii^«^^iifflt--i.MRAM«. ^hnse* 

[0043] fifrS^MRAMiOJgffit h^V 

zmm Ltzmmtr^z. htix^h * ixrx*wtw-t& x o 
iz . zn t> ommvimiz^ 1 1 wzm 3 co5fiKtt-fi 

[0 044] H6fcJ;f ; 'll7§r#SSLT. MOS15>- 

(Hi) iw*Lfi:fflttt!irt&iARAMimmt&. 

06{43 X 3-t/l-COMRAM^jffiHlfiSllI. H7iil-fe 
;l-£50M R A M<7)ilf®iaSriKt" . 

[0045] mecommrnvmiz^k-tkoiz. v^yj 

x 9 6 0 b m 1 h y ^/Hfr^* 1 ? ( t m 

R ) lot ^Sr&tail-fc/MA"? F U v ^Xtttcie?iJ$ 

ajLfflOy-F^-O (WL1 ) 62t. •#a s ^fflo 
T7— H5>f V (WL2) 7 lfcttWtCKfllSttTV^ 
4. 4fc, TMRl 0^f« (±«) tS^§ti^f-y 
l7^f/BL) 7 4 it. 7-^7-fyfWLl) 62 
felW7-F7^(WL2) 7 1 ttt^cLTiaMSix 
TV**. 

[0046] H7^t-J;a^. y'J3ysi6 l. y 
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-lti6 2, V-X. Y-UA yffiW,6 3 . 64fyt>%: 
U^mtmcOV-^y-! > (WL1) fcflfcfcLTV^ 
7-K5>fy(WL2) 7 1;WFM£trO^„ 

7 3 I ^OTiffiB 7 3 ±C0*§ S^ffl 
cW-K^-fy (WL2) 7 lcr)±3jl,zmm-t&&W 
iz^ mi^LtzXo &3ft £&tt/S h > 
(TMR) 1 O^flMSfrC^S. -f$:;b*>. Tffi«7 
3 _Ltc . m 1 <£>K5a8M±« 1 1 /% 1 «3§illftB ( by 

«) 1 2/micommwmi 3/w,2<?mmm c?y 

-S ) 1 4 /« 2 iOfSmJl 15/13 OBflBttfl ( b 

ya) i6a. i bb/m2<r)£tmw&mi nmm^ 

tiX^h* Zcr>MTl£. b°ya£16a. 16b<7)TJi 
T'«fiS,tT^-S>, i^DTMR 1 0«Jl2<OK3fi®[4ai 

7±th*7b7^fy(BL) 74 <r>±mmmm£tix 

[0047] 117^-f 7U-BT"$>-&lg20 

sustta i A(mmtt^Kmm.m 1 
i&xwymi 6btjh"7 b^^yi Acr>-m^m^ 

LtV^o t'-y f7^f >7 4(ifc°yJil 6 b 

/K3£^ttai 7/£«a<5 r *a#*^%--oTUS„ 3: 
3/ R^lSttJi 1 7«TtR35»ffia 1 7 i: (5]-H?t^ 
t"yfl6b ^ISit^tC , t'7h54>74 £K5fiSttt 
« 1 7 /^RST-«fi£ LT fc J: V*. 

[0048] z\ommx'\i, ±%%wfit*3?$-&m.mt 

'Ml HzX^^ymi 6b. 1 6 a<7)Xh°y^J; 
5g»T<M>^i:#-C£. »#&^£*ft>9jMLX£>by 
SI 6 b. 1 6 a^M^-^yb^'HIlK-rSii:*^ 

[0049] ist, TMR 1 0W7U-S14 iO±gP 

<offfitf±. -7^~m\A/m2<nwmmm\^/^ym 

1 6 a^JfJBIfcJ:^:?— — y^fc , b°>-S 1 6b/S 
SfilKttJBl 7/#«a«J£M£J:t/^--y/(;r i 19 
TFMSft&o ^*<i. TMR 1 0^7 V -Ml 4 J: *)± 

^commit. 7'j-ii4/»2 ostomi 1 5 / b y 

Ml 6/R^ttJBl 7co«fcJ:'tm;y"--y?'"i: s 
b'-y h ?>f >&RM<Vl8Mt5£W*?——y?'t,z£ <0B 

IHRWJWPOJi^RSfiSBEttli 1 7W^--^Iil' 

[0 0 5 0] 08^J;Via9Sr#H9LT. fAX— Y-k 
Mtim 1 <0»I4 h y (Hi) £ BtJl 
UfcWfcfcflTSMRAMfcRBJM-S. H8(±3x3b 



ilWMR A MCD^{I®gH2L H 9 J±M R AM OfMSHT 

[00 5 1 ] H8<7)^fiffi|llig|l^-r i 3 
F80£TMRl 0kt7)WMikfrt> : Z:&lgM-tM$.~?h 
U -y ^XttKKBISfrC . ^4 F 8 0 k TMR 

1 0 1 commmtv- f^xwu 91 n*? 

ft. ^^-H80»-Si:7-K7-<y (WL) 9 1 
fc*«Bffl83;h.T^4. TMR 1 O^OMCti, T7— 
Ay (WD 9 l fcffiEfCSHSiutbV hyA y 

(BL) 9 2 3&*BSl5S*lXVv6. 

[00 52] H9t=7jrTJ: (WL) 
9 1 (D&iMLktS' 'J 3 y^'-f K 8 0 tfJEMESfU 

fc#> tc^aa i: ^ y a y?A Y k comiz T i N x 5r 
k'cr>mikm&&ltTh£^<, l\cr>TMm8 1±IZ, mi 
tz^Lfz X o ^5Smtt~fi h y*;Hft^R? (TMR) 
1 0**3gjR$ilT^4. -T^*>. Tlta8 l±(c. n 

i «R^Ktta 1 1 /m i «»m ( b y a ) 12/ 
as 1 ^ma 1 3 /si 2 ^m^&m ( 7 y -a ) 14 
/jb 2 wit i:#:a 1 5 /as 3 ^5®^tta ( t ym ) 1 6 

a. 1 6b/flS2COR»attt«l 7s6«HMIS*I.TV^4. 

b°>a* 1 6 a. 1 6b«Zit«Lt 
i<J0TMRl 0<?DSI2cOS;§Sffi'ffiai 7iCb'7 
l7^fy (BL) 9 2C0^«a* s ffM§ti-CV^» 
[00 53 ] i^Oio^rffijt^MRAMT't. 07 

±z%mm£^&£i$m^mi nzzwymi e 

b. 1 6aC0Xb°>-^ iOS^fcBMM-iifc^S. 
•Sai^&liOiELTfctryJf 1 6b. 1 6 a^IMt 

^--y ?xntfw\-x.mzftm ztiwc. mm& v- > 

^m-SMeM-Zy* -iS£'J?% < 4 k k i> 3P 

[00 54 ] ^fe. MRAMiOffl^Tli. 7 'J— 
ffittS/#MfiStta/3S®tta«0HSJR*ffifflL. ^^14 
aSr^LT^tta*^Ktt*S-^S*T^ 

aSl-^fcct "3 7 U-«<oam*-^^h*SIKS*tfc 
§ tc. b>-a^«#aJ*0^#*^ <Kci>kk tt. IE 

mmmm-mims**-* yhtm^Lxmmm^iz 
a/#aea/5sattao d . «sBa»f » ep*n-r & * 

«>W7- F m^iSv ^^ffltttJB £ , «fc 0 V 7 h ^5SiS 
MJ¥<^H?:0. 5 — 5 nitKnmMz-f&ZbW 
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[00 5 5] ^BJtC^I-flfitfOMRAMtO^TiiBH-r 

& 0 u«0MRAMIl ^b*i^W*£fi^fgicD»ft. 
H*li:. SSl^BtmffcJli:. M^fi^Kilg^t^ii 

^£*tf„ -5- LT. fi^fE»BJ2. sses. ^sstta. 

o<o8itt*3&*s3ft fiwt*s-^ t t v ^ . i cn i a & 2 r><r> 
wmt-wMmm^^xmmmmxmmm^x\ ■> 

ft. 2 o«sBHKH**<o a *> ift. ^ zwLxmsmmm 
te*8tt*8rt-a»*awre-s i 1 1= ± ->t . ^»iE«st 

£jgiRT"# & „ Zcr>t:tb^ XtytScofi*&J[tl^M 

TMR^fcSW-MateflSS-c**. iridic, 
.rcoMRAMfi. fiBSSEIMifc^tymSKSflBfr^-ii: 
1 1> £*iHl#£ EPJn^S CO tea LfcflHS LT a 
9 . 1211*3 iV'T M R*^t:art-«SIWlF**Wi. Sit 

[00 56] JJE<03ftBtttZ«hy*/l«^3lf^*flMt 

JRS &3ES:t;WJl-t 5 £ i; J: o § 

ItUCo.Fe,., (0. 5Sx<l. 0) SrfflVtf: 
%S\ 2OC0Co i[ Fe 1 _ x Jf<7)(Stf!lx{fN i -Fe^ 

ymm- & mmz/h tart* h. £ tu± . n i 

— F e fee (111) RftTfe 0 . ^cO±cD 

C o x Fei-Jt fee (HDffit^f), Co, 
F e , . t gfoCDX -fvf y ?TKWi£*f-£ £ t . &=fc 

So 

[00 57] IfctfoTs KBK&I^Lfc«ft£*M 
cO^Jfc LT(i. ( a ) 5S^tt«/^rattii/5S?Sttii. 

( b ) ( 5sntte/ v 7 b is e«/5t^eJi ) /#»e 

8/33!fi8f£«. (c) (WBM&M/V7h&GM/WBl 

SU\ WEitRt), ilMieiiJli:|5]«^WM«jia 
L. R»8HBjr£;SHtTfcJ:v>. 
[0 0 58] Hi 0— 111 2 2r#$iLT. i^MRAM 



So 

[0059] mi (xoasasttrs h y*A&&9m±. 

Tim 1 0 1 /m 1 ^>^fifi8ttJB 1 0 2 /IS 1 coStlfcH 

tiio3/si <7)ttm« i o 4/anKe* 1 0 5 
a . #»tt;g 105 b ^ j: zmm& m 1 o 5 c <t>=jim 
a^sasaefiwi 0 ^/m^ammm 1 0 6/ss 

2 cOSMb0#Jf 10 7 /SI 2 «0S9fi«1t« 1 0 8/«S 

11 0 9^w«t^«^*-rs. 

[00 60 ] SSMfEISB 1 0 5^3fifi8tt« 105afc± 

l^SaittJB 10 5c LT v -> s . & 1 ^ 

«#;« 1 0 4 fc^-rsmi nwimmm io3t,»2 

^fS«*B 1 0 6tS«-4IS2<0flMUiHW 10 711 

[ 0 0 6 1 ] El 1 1 co5S^'l4Z.a h 
Tflfiii 1 1 1 /% 1 <7)R5SKttJi 1 1 2 /^S 1 

mm 1 1 3/* 1 ^iifti 1 1 4/gsms« 1 1 5 

a. ?hs£*i 1 5bt3xzmmmmi 1 5 c^hjim 
*^^sKMiBi«i 1 5/m2cnmm¥mi 1 

117a. im&m 1 1 7 h&krmm&m 1 1 

7c«HSK36»i?>5:S^2<J0»ft;ll*Sl 1 7/3?2« 
R?SEttJl 1 1 8/f*aJi 1 1 9 £«WLfcH!5ft*1N- 

So 

[0062] wsmmm 1 1 s^brisjb i 1 5 a^ «t 
xmmmi 1 scjjRatBHBS^LT^-B. m2«?s 
-fta*Ji 1 1 7<7mm,&m 1 1 7 afcit^atttji 1 1 

7 c LX t^S . II 1 «f^«#:* 114t 
SfSm 1 c0SlkSI*« 113 4:. m 2«f^«#:S 1 1 
6 fcjg-t S ^ 2 cDBS-ftll^Ji 1 1 7 ItmilZ-f 1 5S»f4« 
117all ^fLm^lt^HW^-^-CV^o 
[00 63 ] £<5Qi§-£\ m 1 Ott^BSWI 1 1 3 
Sr. m2cr>W.-{U®mm 1 l 7fcJ;^mie#iMl 1 5 CO 

t* ! f4Lo„ £coid^r«^-C{±. ^ 2 cojSltEl^Ji 

1 i 7rt>aEStE»)ii i sftasafflfctjo, l 
3^fc*<»jas^»i«oBMtii»»i 1 3*^ com 

[oo64] mi 2c?mmwLim h y^m-sm^it. 

TWm 12 1/81 cDKSftffltttJH 1 2 2 /MfflHM 1 2 

3 a . ^NKttJB 1 2 3 bio «t imM'&M 12 3c COHM 

jBA^^sisi fofiftfkis** i2 3/si <nmmkm 1 

2 4 /?SIKttJl 12 5a. ^NKtt* 125b iJ i TfWBt 

tts 1 2 5 c <7)Emm>h*hW5&Mmm 1 2 5/H2 
commfom 1 2 6/§fimtt/i 127a. im>&m 1 2 7 

b . mmm 127c. ^^ttis 1 2 7 d . mm\tm 1 

2 7e<?)£IIi^^S12»Mifl 1 2 7/82 
coKSSSSttS 1 2 8/«Wi 1 2 9 LfcflBiSrW 

[00 6 5 ] ffijRSfM 1 2 5cOgfiM'l4il 1 2 5 afc i 
12 5c LT V ^.micDM 



!( 9 ) 001-156357 ( P 2 0 0 1 -*@5 7 



itmmm 1 2 3co^m^m 1 2 3 afcwimi 1 2 

3 c Mt££H8f!&r& LTV^ „ H2 ^SHtEWiS 1 2 7 
C0»t£1 12 7a, 3£M'fiH 1 2 7 c & i l*3fiffl(1±JB 

1 2 7 e a^mm^tx ^4 . n 1 Wltftl 1 1 

4 lz&t&9i 1 OSBKUBsiJB 1 2 3 frflMH-S&ttttJI 
123ci, 3?2<7)fSS#;Ji 1 2 6tSt SflS2«8Wt: 
S#S 1 2 7 £«f-4»ffi« 127afi. 
soaWtj^RTfrtc^r^TV^. Hi 1 kH 

JK 1 oaMUSttfli 1 2 3 ^>*£ Sr . SS2 cofifrfUl 
*ff 1 1 78±t*K*IMgWl 1 5O^$J:0fcS<» 

[0 0 6 6] HI 3t, HI l^SSffiilLfih^/L-* 
■&*F*fflW^MRAM^BfHHt^. Si«15 
1±WS i OjJfiaMtHliisWBjKSti. ,I033tfc:«tf> 
a*ix^JK*^!5rSy— H7-0-1 5 2#9FM£*xT 

(TMR*?) ^VTM§tlTM4. iOTMRf 
^4, H 1 1 t^-T J: 3 IzTMM 111/11 OKSiiil 
11112 /JB 1 OftftSttfl 113/11 
1 1 4 115a. ^ftttfl 1 1 5 b itm. 
Mltmi 1 5c(©H«fl*»^6«r«iB«Mil 1 5 /SI 
2cr>mmfam l l 6/3$SlttJI 117a. 1 1 

7 bt5«kt*56ffl?i4JB 1 1 7 cco=mmfr(oti:&m2com. 

itmmm 1 1 1 /m^Kmmm 1 1 s/^kb i 1 

R*? OfttSfil 119t fiM-t 4 t'7l7-iyi5 4^ 

[0067] Ii^MRAMtll >1 5 2(C 

«Stt*iSLT«Stffi«IBl l 5(c«aa»# (M/(fH«i 
UK - !*!) SrMP-r-5.t kU~. t'7l5-iV154K 
#Jf£JILTSmiBiiJf 1 1 5^y^yxh->-«if£& 
At"4^ 1 5 3j&>£>#S£riILT8SM 

IBH/ll 1 5^vT-yTXh°yfl:^&aAt--l»<li:tcj: 
0. SmtBiiJIl 1 5«a-fb^KKS-ti:T»§a^^fl 

■t4 1 1 tfc«staw*ffljnt-c»*a»&ffitr, t 
- y ? -f y ) t,zm.-rmfom&*mktz> <r k #r & 4 . 

L-Jti&^T, 1 GbJ^_b7)MRAMT-£>, 12*&<7)?§ffll£ 
fc:(4TM R*^-C0 h >*)W* V TM ( ttVtM) OSS* 

[0 0 68] 3tf3„ HI 3«MRAMtll h"vh^/ 
y 1 5 4 £?Tift4«SiEtil&Mt2$§Ji 115C, 
AV\ 5 2*>^tf5«aHJWi:l435ri*l«a ! 3rS 



vrnm-ztiMz, Hi4tc^-rj:o(^ t^N?^^ 

1 5 4_hfc:l6IMl 5 5, fci;I>'h'7h7-fyi 5 4k 
fffl:IW$27-H7^1 5 6 £7FM LT i J: 
V\ EI 1 4 WMRAMTIl TMRgg-^tCgSEfllSSECOIfll 

1 0 0 6 9 ] act, ^mcommmmmm^mmh 

[ 0 0 7 0 ] H 1 5(i*aMHHffi-63*«Ett=a h 

h r-fe yy" v comwMTfo 4 0 r?fax-j' t-a 2 

0 111, Ht&r 4 x ? ^KrtOlSISfitcEIS S fLS Jt«> 
>-g|S^^*-ri>. 7?faX-?7-A2 0 1«-S: 

(S-^x^y^H >2 0 2a i 'H?g§tLT^-g )o Hfx^yy 

3 >2 0 2nftffii,zte±MLK&Bm<7mmmrmhy 

YX7 4¥20 3im v )tttft>tlXV^„ ttz, 

y is 3 y 2 0 2 t(4ft#<?5»s a^fc i xmMSL 0 fflo 

U - Htl 2 0 4 j5«ia» i CO >J - HM 2 0 4 £0—4^ 

(4^>y KX7^f/2 0 3izm^ttLtzm%i&tm^ 

^■v h* 2 0 5 tSMSixTV^ . 
[ 0 0 7 1 ] HI 6{4H1 5^-Tlim-^-y K7-feV7 

T2>&. !MfU?2 1 l(4Xh°>-K^2 1 2tC^« 
H* L*V«I^W!l»aiJ*»feW«M«S#fcieS 
■f-S^L^rV^-^CiOEBE-f-S. Hi 5«7?f 
A a:-^r-A2 0 1J4HSM2 1 3WS5g£ft, 
^3^20 2ioJ;U ; '^-c7)^iSc7) y v-y W5^2 0 

MM?>f^2 0 3 tO«*M fftlffitiiSM^' U721 

7?faX-^7-A2 0 l^)SStc{4 
iJ^7 ; t-?011-el)^^X3^1t-?2 1 4tf 

x-^7-A2 o icr>#t'ymzm%±J<ft>tLtzM^L 

%\,mm^4)Ubzco?j ^m^tsXoizttmLx 
mm. § titi 7%%m?Et5 ± iwi*f 3 - ^ t * s m^mffi 

tfrt>ffif$L£tl&« T7?-^—?T— A2 0 ltiBIjg 
W2 1 3<7)JiT2ilFiftlS(t' ; >ti.^H^L^v^'-;l'^ 
T'jy^CioTfiWSfi.. ^X3-<;R-^2 14 

[0072] i^jgs^7 Foffijfrtra, mi . H 

2feitX»4<0|fiS8ttZ*hy*/l«&3R? (HI, H 
2fcJ;VH4) ili^itiWfftK. IS1^5fiHtt 
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[0073] 
H»J 1 

Si/Si Oi36K4;fc(iS i 0 2 36K_hfc:Hlteijr*-J: 
(KSAiJitftEWB) fcrtWUfcttSKIH-*. 

[0 0 74] f^Ati. TaTJtB, Fe-Mn/Ni 
-FeOrJHBB^fe^SSSltfOSSUKftJB. CoFe*> 

^&mi<7ymmm. AijOaa^fcijsiwR** 

Jg. Co 9 Fe36><3ftftfl52<03l«ttJi, A 1 2 0 3 H 
3r&^2<7^SSf*:JH. CoF eA»<9«r&»3053ll«tt 
/I. N i -Fe/Fe-Mn«Z.JlJl# i ^ : £r!>!i?2cDgr 
3S«ttJB, T affi«Jg£Ji|I&«Ji Ltimti^tt . 

[0 0 7 5]MfiBll TaTtti, Ir-MnH5: 
SSSlOKSftlSttJB, Co-Fe3&>i»=6r*fffl<?5afc«Ett 
Jl. A 1 2 0 3 ;^£>:5:&g|lC9f£TOsJl. CoFe/Ni 
-Fe/CoFe<JOHJaffl!3&»fe^Sffi2<5D3fi«8tttB, A 

l,0 8 *»i?>*4flS2^)iWflsJB, CoFeH^I3 
<7)»l4/i. I r-Mn*»££6SS2tf>R5l«ttflr T 

[0076] KWAJJETRa «t 3 CLtfflL^:. Mc 
Sr-X^-y^SfcAfU WJlfK 1X1 0-'To r 

fe. !S±t:. Ta 5 nm/F e 64 Mn 46 2 0 nm 
/Ni 8 Fe 2 5nm/CoFe 3nm/Al 2 0 3 
1. 7nm/Co 9 Fe 3nra/Alj0 3 2 nm/ 
CoFe 3nm/Ni 3 Fe 2 5nm/Fe sl Mn (S 
2 0nm/Ta 5 nm£JI&i|*Jf Lit. Al 
2 0 3 {i, ^Ar^tFT'A 1 ^-y-yh^ffl^TA 1 £ 

[0077] jjsaJiflSifcftii ufc«. ythvv 

[0 0 78] iJcfc, micryVi/XYJ^-Vk^Ltz 
y*b U V^57 J: >9*JiST^Ta{£§fJi 

U 'f^-ys uy^Sffi^ffl^Tsei^A i 2 o 3 i o± 

g|5tDCo 9 Fe/A l 2 O s /CoFe/N i-Fe/F 
e-Mn/TaSrjDXL^:., %2.<r>\si/X Vf^—V* 
mtfztt, t^t'-AlfCi DJ¥§ 3 0 OnmcDA 

[0079] JfcWC. «SStK^J^M^<Qie«» 



flL lil3^l^'X W^->*;BJ;t^^±<7)A 1^IJ7 

h^7U, Aimii»*jaRu/£. a»# 

[0080] SCHB(4JEIT<0J: d teLTfl*Lfc. £K 
J^A-^gltAtl, lxlO-'Tor 
rfcl&£Lfcf£, ArS:^ALTmS^BE^fci^L 

Sft±t, Ta 5nm/Ir 22 Mn 78 2 0 nm 
/CoFe 3nm/Al 2 0 3 l. 5nm/CoFe 
lnm/Ni 8 Fe 2 t ( t = 1 „ 2 ttlli 3 nm ) / 
CoFe lnm/Alj0 3 1. 8nm/CoFe 
3 nm/I r 22 Mn 78 2 0 nm/Ta 5nm£JHI#Sl 

[008 1 ] JJB«MK*JSilLfc«L 7th'J 
7 4 J; 0ft±g|5<Z)T aflfeHJi-hC 1 0 Oummco 

u -fsj-vsu^Ktssfflv^TMru/s. jjct, mi 

^fflV^-ClllcOA l 2 0 3 iD±SI5OCoFe/N i 8 F 
ej/CoFe/AliOj/CoFe/I r 22 Mn 78 / 
TafcJnlLfc. iJc^T, -Lf£i: LT , A1 2 0 3 
JBIS*e«B&ojlM, Ai»ffiffi*|ofM. h°yJl>\co- 
^-fall^tt^WA^fi 1 o . 

[0082] 4 ft, ttUtWfciftts UlTcokoftUnc 

Sf£*P "3 . T a/ I r -M n/C o F e /A 1 , 
0 3 /CoFe/N i -Fe/TatH3fIiMt 

[0083] K»DtjRaiaatJi**4=3r^5iattza 

^/Hfc^T* 0 . Ta 5nm/CoPt 20 n 
m/Al 2 O s 1. 5nm/CoFe lnm/Ni 8 
Fe 2 3nm/CoFe lnm/Al 2 0 3 1. 8n 
m/CoPt 2 0 nm/Ta 5 n m £ V ^ 3 fMRfii 

[ 0 0 8 4 ] 0 1 7 taiAfc i VB<7)liMfi»*t 

ft*2 7%^f^fLTV^ 0 KWBTIi7U-« (Otft 
mm ) tCfe(f^> Ni 8 Fe 2 hCoFeh ^MffibSrS 

z_ h r t •c-Rte^ft^ wares s^t 2 . -r^^ 

N i 8 F e 2 (JDJKff ^ 1 nm, 2nm, 3nm«t 
1 6 O e , 360e. 5 2 O e i; V> 
^»T'ffifil^A# < SEft L , 2 6 %W±.CT>± i R 

[0085] H118 ^IS^fA, BJji^CfcOV^MR 
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m±i,z{¥ o m Kmtm<^m^-t)M^ v ^ t &&&& <> 

[0 0 86] JWc, mmA^ B&J^D^yW-f b'3 
A )V^zW.% , r^xmMl 0 O e ^W^WMm^M. 

rEi»«ai^tnt a hi ^\zwma. b& 
x u'd tout . v N7u-x^*«MiE[HiiS[ t m^ms t co 

[0087] bAh^J: 3 til 1 WflBtS^Tf-ftMatttZ 

[0088] l^tt#cSi:LTS i 0 2 , A 1 N , 

MgO, LaA 1 OgtaiCaFjJ-ffll*!^:^ 

[0 0 89] 3lJ(rfif?ij2 

Si/si o 2 3BRifc(±s i o s a6Ki:fc:H2tc^J: 

(t^A2fc±tfiKBB2) fcfWUfcWfcRtlH-ft. 
[0090]MSA2li, TaTiffiJSs Ni-Fe/C 

Jg. I r-Mn^^^S^gfiBSttJB, CoFeM« 

^scogfifBttflT Al 2 o 8 j^6*4J^tf>i*WWi, c 

oFe/Ni -F e<^JMg:iP&:&5£S4<^attJB, 

[009 1 ] WM B2li, TaTil, Ni-Fe/R 
u/C o F e OZilKP^iiS 1 WSlitti, Al 2 
0 3 £>£>&-&|gltf9f^flcJI. Co Fe/N i -Fe<7) 

1 C7)R^{g'|±«, Ni-Fe/C oFe OUMtfrfcSr 
4^3«03filKttJB, A l,0 3 *>^6»2f5»WfM. 
CoFe/Ru/Ni - F e tf>t&h%A £>9MKf£J|, 

[0 0 9 2] KHA2l4JaT<io±afc:U , Cf3ILfc. * 
K^x^-y^StA*!. tJSWtSKSf 1 x l 0 'To 
r r tRSbfcflL A r £2$ A LTBf£«£E*JfcR£ t 
it. K«±fc. Ta 3nm/Ni 81 Fe„ t(t = 
3. 5l/ili8nm)/CoFe lnm/Al 2 0 3 
1 . 2 n m/C o F e In m/ I r 2 2 M n 78 1 7 n 
m/CoFe lnm/Al 2 0 3 1. 6 nm/CoF 
e lnm/Ni 81 Fe 19 t (t = 3. 5 4fdJ8n 
m)/Ta 5 n mS:JIi5^Ji L/C. 3ri3. A 1 2 0 
s «s SAr^+tA 1 y*y l 

[0093] Af^iJBffiSrfiStJSI L)t«, 7 * Ml V / 7 
7 <r StBfc J; 0*±SB<OTaffiiSJi±t 1 0 0 xtmK<7) 



U J^yS.VyT'BiWZm^XHU-T.Ltz, 
[0 0 94] iJct, fcltfJl'^XK't?— yfcBii*Lfc 

±fciS^fft *s®t hW.ic^wxvn-9-y^m 

L, -f^yS 'Jy/ftMffl^T^lWA 1 2 o 3 «t o± 
SBOC oFe/I r-Mn/C oFe/A l 2 0 3 /Co 
Fe/N i -Fe/TaSrJUXL^. ^2«l/yX b.A° 

^-yfcJSUfc**, «^t-AM*^J;OWS3 0 0 

nm<7)A 1 2 0 3 £tfM*L;£f&, I2^y*X W^-y 
& itf^O±OA 1 2 0 3 Sr 'J 7 b^-7 U 

[00 9 5 ] JJC^T. mffiieig^ffMfl^Jil^^lIjsiiSr 

m?m3cou=jxh''s?-y : §:Bm.Ltz'&, mm&mx 
^•v?tx7v--y?ifz„ ^fficA i zmmttz 
\k. m3<7)u : Jxh^?—y&£i/Jccr)±.i7)Ai&V7 

[00 96] IfiftB 2 ii&TO i a t LTfNKLfc. » 

RfcX^-y^iSWcAil., *5»WSJS* 1 X 1 O-'To 
r r (CfSJg LfcfiL A r £*ALTFJr^ffi7JtCf£5gL 
it. Sfiit, Ta 2nm/Ni 81 Fe 19 6nm/ 
Ru 0. 7nm/Co 4 Fe 6 3nm/Al 2 0 3 
1. 5nm/CoFe lnm/Ni sl Fe 19 1 nm 
/Fe 54 Mn 46 2 0 n m/N i 81 F e 19 1 nm/C 
oFe lnm/Al 2 0 3 1. 7nm/Co 4 Fe s 
3nm/Ru 0. 7nm/Ni 81 Fe 19 6nm/T 
a 5 n m £ JK&DMI Lfc . A 1 2 0 3 i4±|2 

[00 97] JJBBW§?*JfiRLfc«. 7th'J y /^ 

7 4 gffitC J; Dft/SP^T affi»S±fc 1 0 0 ^mipl^ 

TmmBtt&wtt&m 1 ^y ^ w^-y *?fm 
t, -f^-ysyy/sw*ffl^-c3DiL^ 0 <jcfc, Si 
^y^x b^°^-ySrl^*L^f*, 7^- b v vr'yy a 
mttz i. >o m±mcoT ^mm±izm^^m^m^i> 

W.2.CDVVX Yr^-y^m t . 4 t7S 'J y /Sffi 
^I^TIIOA 1 2 0 3e t D±g|5«C o F e/N i 81 F 
e ig /Fe 61 Mn )6 /N i 81 F e 19 /C o F e/A 1 2 
0 3 /Co»Fe 6 /Ru/N i 81 F e x 9 /T a Sr Jpl t 
fc. i^V^-C. JJEfcra«fcL,-C, A 1 2 0 3 IMIO 
II Al «ffi|»I<^ffM. b°yil/\£7J-7j|*lM*ttcO 
^ASrfi 1 ^^, 

[0098] &ti^ itWtcotiMz^ WT(D2: o^MMC 

2 ax vmm d2^il/; 0 asc2 b 

y*;b^*-f X'fo Ta 3 n m/N i 81 F e , 9 5 
nm/CoFe 1 n m/A 1 2 0 3 1. 2 n m/C o 
F e In m/ Ir 22 Mn 78 17n m/C o F e 1 
nm/Ta SnmtUoWill^ttS. 

[00 99] ifflD 2J4rafi«ttJB**4 i SrV^Jiaittr 

lf>-*/H^T'fel Ta 3nm/Ni 81 Fe 19 
5nm/CoFe 1 nm/A 1 2 0 3 1. 2 nm/C 
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oFe lnm/Alj0 3 1. 6nm/CoFe 1 
nm/Ni 81 Fe 19 5nm/Ta 5 n m t t"> 0 fiMt 

[01001120 tCimA 2 <m&%WM% 

fcft* N i 8 F e 2 1 C o F e fc «MJJitSr^i.-g. £ t T" 
S:ra^$r$iJfflIT''#l. l Ii:^*^« -tWo^, Ni 8 
F e 2 S0MJ¥^'3 nm N 5 am, 8nm£D£§^ ^tl^f 
fllSOe, 260e, 3 8 O e b ^'J 'i^%:M.mTt& 

<mtL, 2 6 %&±cd^ & m Rmmtm 

t>tlX V ^ . Mm B 2 (4 3 9 O e fc V > 3 fcSftfrCM 
[0 1 0 1 ] 02 ltC|ffiA2. B2tJ±tfC2fcoV* 

^<50EI*^, 2(4, lfi^C2tC 

[0 102] M:, MWA2. B2i)j;y'D2S:yi/y 
-f T* 3 -f ' W7 0Oe tfCMHI* 

ScO^mtS^^® fOS^MiJ fc . H 2 2 fcKW A 
2. B2fcJ:^D2fc:r3V^T. ^t/kxaWkORKKHIRi: 

A 2 fe «fc B 2 JiffiflMJf ^^ffili^^£9?li Ji 
£>fx5H\ ISWA 2 t B 2 t COitmTii, 7'J- 

JffcKMSMBS^- UCo 4 Fe 6 /Ru/Ni 81 Fe 19 

<AHJMI9lt*fl3v*fcKttB 2 <7WW*R#!6*iJ«5r^. 
[0103] JjLhtoJ: 3 fcH2<oaBt£#t*3MKttr 

[0 104]^fc.itfti!:LtSiO 1 , A 1 N , 
MgO, LaA10 3 ifcttCaF 2 ^IV*^ti,± 

[0 10 5] »fi#ij3 

Si/Si O^KifcfiS i/A 1 2 0 3 S«±W2I3 
t^-t «t 5 SrfllSi £r*"t 4 2 «<5D3fiatt^S h V*/WB 
^•*^F (ieHA3tiJ:lTOfB3) ^MLs^M^ 

[0 106]aflA3il TaTtf, Ir-MnH 

'|4S S Al 2 O 3 A^^lC0it#I, Co-Fe- 
Ni*»<5>*4*2<OSiaffi)i, Fe-Mn^4>3r4g?2 
<OR3lfi8ttJB. Co-Fe-NiH5Sl3 <05fi®l4 
Jf. A 1 2 0 3 ?&>£>£:4IS2<7)|^t#:Jf . Co-FeH 
£r4SS4«3&i&eJl, I r-Mn36»i»44flt3<?5R3»a 

eg. TaffiassrjiBiwwiUfcflBis^rr*. 



[ 0 1 0 7 ] MMB 3(4, TaTtftJi. Ir-MnH 
2:4*1 Co-Fe/Ru/Co-Fe 
«HBR*^^mi^i«ttJB, A 1 2 0 3 H44JB 
KOltllftJl, CoFe/Ni-Fet?)7iIK5li 
H2C05fi»ftJB. Fe-Mnj&»6:fir4IS2«R3l»tt 

Ni-Fe/CoFe«lJfI!s^Jb&£*3<9»«R 
ffil, Al 1 0 8 A»fe«r4SI2(?D««*Mi, Co-Fe/ 
Ru/Co-Fe<?5=JiIW»i5,«r4flS4tf55JiKttJf» I 
r - M n 6 4 IB 3 ^EMaHW » T a «8M £ JRfc 

[0108] HftA 3 {±liTF<7) i 3 fc LTfNRLfc. * 
Sfc^-y^iEWcAfi., WISIJ 1 x l 0-7 To 
r r tRSgbfcft, A r £*ALTJ9r5&0£E:*Jfc:RSEL 
fc. Ifiit. Ta 5 nm/I r 22 Mn 78 18nm 
/CoFe 2nm/Al 2 0 3 1. 7 nm/Co 5 F 
e,Ni 4 2nm/Fe 1 Mn 1 17nm/Co 6 Fe 1 
Ni, 2nm/Al 2 0 3 2nm/CoFe 2nm 
/I r 22 Mn 78 18nm/Ta 5 n m £ JIEijiSff JB L 
St. =5ri3. Al 2 0 3 (i, SAr^fftAl ?-^7b 

Jffl^TA 1 &jSRt3ta, jt^£«?4£££;<ii«£- 
»AL77Xvi$Cit; fc fci: ->T ?£?j£ Lfc . 
[0109] JJEmMRfcJicKLfcfiL 7th'J 
7 >f gflSt: J: Oft±SP^T affill±C 1 0 0 umm<7) 

[0 110] iJct, IglcOl^^Xh^^-ySr^Lst 

a. y ^ v u ^ i D«±gp«T a«tia 

t. -Y^>-S 'J y^SWSrfflV^-ClSlcDA 1 2 0 3 ± 0± 
gP<7)C o 5 F e, N i 4 /F e^n/C o 5 F e t N i 4 / 
A 1 2 0 3 /C oFe/I r 22 Mn 78 /Ta^JPXLsto 
m2<7)l^^Xb/^->'S:^t/i44. tft'-Alf 
CCJ: "9J¥§ 3 5 0nm«A 1 2 0 8 &tt^ t/tf*. j|2<7) 
U^Xh^°^->-feJ:^C7)±C0A 1j0 3 &iJ7W 

[oiin &^x\ wmmmmmmmnmmz 

[0112] i«HB3J4JaT<0j: otLTfHHLfc. * 

m&xjtyfmMa&JtL. mmm&i 1 x 1 o-'To 

r r CcfSS Lfcft, A r fcaALTBrS&aEfifcRSEL 
t. Itit, Ta 3nm/Ir-Mn 14nm/ 
Co-Fe 1. 5nm/Ru 0. 7nrn/'Co-F 
e 1. 5nm/Al 2 0 3 1. 7 nm/CoFeln 
m/Ni 8 iFe ls 2nm/Fe 45 Mn 5S 1 9nm/ 
Ni 81 Fe 19 2nm/CoFe lnm/Al 2 Oj 
2. lnm/Co 9 Fe 2 nm/Ru 0. 8nra/ 
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CogFe 2nm/Ir-Mn 14nm/Ta 5 
n m £ Ltz . A 1 2 0 3 Si:±|e t tS)«^^T& t i 

[0113] ±smmm^m,mLtzik. y * f u v ^ 

7 4 Sffit i 0«±a5«Taf*»Jl±t 1 0 0 /xmflO 

l, -f^y$ u^&ffl£ffl^Tjo:L^ act, mi 

£DFi>\x F^- > £rl&* t JtS. 7tl'JV ^5 7 <r 

£fflWtHl<7)A l 2 O 3 j:0±»CoFe/N i 81 F 
e 19 /Fe 4S Mn 65 /N i 81 Fe 19 /CoFe/A 1 2 
O3/C o 9 Fe/Ru/Co 9 Fe/I r-Mn/Ta 
^SDXLfce acWT\ ±IEt|3]«tcLT. Al 2 0 3 Jg|g| 

AitiH^is. tryJi'W)— arm 

3*j itn*WD 3 &fNRL>t. wrc 3 (±^tt-fih 

0 . T a 3 n m/ I r -M n 1 4 
nm/Co-Fe 1. 5nm/Ru 0. 7nm/C 
o-Fe 1. 5nm/Alj0 3 1. 7nni/CoF 
e 1 nm/N i 81 Fe 19 2 nm/F e (S Mn S5 1 
9nm/Ta SnrntV^fflMBISfti. 
[0115] BSD 3ttRMflWS*£*4£v««ttZ 
S F y *;H££T£> D> Ta 5 n m/C o 8 P 1 2 1 
5nm/CoFe 2nm/Al 2 0 3 1. 7 nra/C 
OsFe^i, 2nm/Al ! 0 3 2nm/CoFe 
2nm/Co 8 Pt 2 15nm/Ta 5nmi;^3 

[ o 1 1 6 ] 12 3 izmmA 3 i t/B 3 <^nmffifits!) 

HfflftSr^-f . sePA 3 Ji 5 7 O e b \ ^ a /h§ 5r«WC 
M RS&ffc* 2 6 %tm $>tlX . afiB3l±6 3 0e 
fc ^ a 'h$ *»*TM RSEft* 2 7 %3&**§£>ft.T ^ § . 
[0 117] H2 4t:iS^A3, B3J3±tfC3t:o^ 

tiMR^^tEO Vcr>t%cr>mX°m&fcLt:^LX 
1^4. £<O0*»S>, i*RA3tJj:VB3fi. iS«C3tc 

jtK t Tatsaafifi3M woBw^fc:* s mj± v x , 2 # 
^ s < , «ee<m * icff a m r mmcvm^-tf,^ 

[0 1 IS] MflA3. B3fcJ;t/D3£V W 

4 1*3^ ^ s ' Vl-X ®^ 7 5 O e tpx°w.ikwm 

mcommm^m^mmsm^n^fz. 02 stasA 

3. B3iiJ;VD3fc-OV^T. vt/^at*<?5Rl(6lll»i: 
A 3 fcitX B 3(±^tlS«JlcOilMfa»4m«^^iim 



[0119] jyjuwj: a fcH3«oflBtt^rr ssiarttr 
[0120] $nb, mmtkmbLzs io 2 , ain, 

MgO, L a A 1 0 3 iitliC a F 2 SrfflMfc^fcltl 

mbmmcr>®.fo&M.t>tt?z. 
[0121] mm.M4 

si/si o^mttzns i/A 1 Nmm±im4t 

>-*A#£*F (KfiA4*sJ:tfKsflB4) &MLt 

[0122] MWA4i±. TaTlffiJl. N i -Fe/C 
o-Feco:ZJlM#^&l>gSl<7)3£ffi14Ji. Al 2 0 3 i> 
fe*4»l(?5»«fMi. Co-Fej&»&2:*J[i2<?5Bfl8 
ttJl. Ru*»63r4flSl<^|«ttJi, Co-FeH«; 
Sffi3<7)5S«KttJS.. Ru3&»A)^4iS2<^B8ttJB, Co 
-Fe^&fc4»4<0M8ttJf* Al,0 3 3&»i5>!SrSfl[2 
COi^ttlffcH . Co-Fe/Ni-Fe <7>2Uf fl&JP^&S 

[0123] sEPfB4{i, TaTiiS. Ni-Fe/C 
o-Fe«ZJiM*^ ; i-l.lgl«3fimttil. A 1 2 0 3 ^ 
t*^$K7)f lt#l, C o-F e3&>^^rSS2«0!Si8 
ttJB, Ru^^SH^NSEffiJi, Co-FeSIOtt 
S/I r-MnR3fifflEttJS/Co-FegiH8ttJB> Ru 
3&»Jo=5rS^2^NKttB, Co-FeHt«*4«i 
A 1 ,0 3 }&»^«r4&a52<0iWtfMI, Co-Fe 
/N 1 -F eCOnJHK^^^SSSSCogfiJKeJB. Taffi 

[0 124] KWA4J4filT<oj:5fc:LTfNRLfc. * 
fiJx^"7^gS:A^, «MS 1 x 1 o-'To 
r r tR^Lfea, A r Sr^ALTFJfSgWffiTltia^L 
Ta 5 nm/N i 81 Fe 19 16nm 
/Co,Fe f 3nm/Ali0 3 1. 7nm/CoF 
e 2nm/Ru 0. 7nm/CoFe 2nm/R 
u 0. 7nm/CoFe 2nm/Al 2 0 3 2 nm 
/Co 4 Fe f 3nra/Ni B1 Fe 19 16nm/Ta 
5 nm^JK^JBLJt. iSrta, A 1 2 0 3 |J, UArtf 
Xtfrt'A i ^_y. y F^rfflv^TA 1 ^JtML^f*. »^ 

[0125] JJESWIItfcjSilLfcft. 7th'J 
7 -f SWt =fc 0 ft±SP^>T a^«±t 1 0 0 ^ mipgcO 

TauEift^&as-rss 1 nwx hw-y*m& 

[0 126] mz, gl^y^W-y^Lit 
f*, 7 * F 'J y/?7 -f S»fcJ: >9«±§P<7)T a«ii 
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gi5<7)C oFe/Ru/C o F e/Ru/C oFe/A 1 
i0 3 /Co 4 Fe 6 /N i 81 Fe 19 /T a £ JUlUt. 

2<^i^xw^->-£8iL£:££, m^F t- 

y'XhA7-yijJ:^«I«A 1 2 0 3 Sr'J 7 h^--7 

[0127] <%^X\ *SlEH«ffMM«tWf-cOfflttjSr 
«3SI3^s;xh^-;y£ffML3tflL SIBSrffiX 

[0 128] amB4«jaT«i:3tcLTfl*Lfc. * 
KSX^-y^SMlcAft., ®MMmg.Z 1 x l o-'To 
r r tlftSgt!t«, A r £»ALTJ5rJ£tf>£EAfcRjeL 
fco iSIS-ti^. T a 5 nm/N i 8 3 F e 19 15nm 
/Co 9 Fe 2nm/Alj0 3 1. 5nm/CoF 
e 1. 5nm/Ru 0. 7nm/CoFe 1. 5 
n m/ I i — Mn 14nm/CoFe 1. 5n m/ 
Ru 0. 7nm/CoFe 1. 5nm/Al 2 0 3 
2nm/Co 9 Fe 2 nm/N i 81 F e 19 1 5 nm/ 
T a 5 n m * JUiJSWf Lfc . A 1 , O s t4_LISk ^l«2r 

[0129] ±E«JBH*jSiiufe«, 7 * h y y 

£fflWCHlOA lsOgitDiSPtfOCoFe/'Ru/C 
oFe/I r-Mn/CoFe/Ru/CoFe/A 1 
z 0 3 /Co 9 Fe/N i si Fe 19 /Ta^jDXLfc. & 

[0130] JHSofcftfc:* JaT«± a^rKWc 
4 is «t tn«WD 4 &f«Lfc .KHC4 {45£8ffi-fi h 

y^>Vm^TX'h 0 „ T a 5nm/Ni 81 Fe 19 l 
6nm/Co4Fe 6 3nm/Al 2 0 3 1. 7 nm/ 
CoFe 2nm/Ru 0. 7nm/CoFe 2n 
m/Ru 0. 7nm/CoFe 2 nm/Ta 5n 

[0131] KSD4l4raiaMBS^)iSrv^iaJttZS 

by+^Ti)^ Ta 5nm/Ni 81 Fe 18 1 
6nm/Co t Fe f 3nm/A 1j0 3 1. 7nm/ 
CoFe 6nm/Al 3 0 3 2 nm/Co,Fe 5 3 
nm/Ni 81 Fe 19 1 6nm/Ta 5 nmi;li39 



[ 0 1 3 2 ] H2 6 (CKRA4*J J:t5B 4 ofi^ffifiSHi 
iCRA 4 14 3 3 O e fc V * 3 'hS 3r^§T' 
MR^fcl£2 8%£^§^;ftX^S. 1$SIB4{41 80e 
k V ^ a /h 3 3rSP§TM R^f t/p 2 6 ftT V •> h . 

[0 1 33] H2 7£K£IA4. B4feJ;tXC4toV> 
TMR^^oElJjDttfflS^ttSr^-r. =Srfc, i^STC 

v^S, isoS^. gWA4fcj:l>'B4i4, MMC4I/Z 

[0 134]^:, B4ti«fct/D4*yW 
-f Fa^f/itfCg^, ^71^x^4 0 O e 4»"C»fKB» 
WWBEfiliB«^^»Kifc**f ofc . 02 8 izMMA 
4. B4feMD4(:-9^T, ^VPXSgifcDRisElIfci: 

coiaumKmTMmtt. lx v ^ . ^ 011^ hjj s, ^ i 
a kwd 4-c-{i^v^js^^Knii5:^iijii^ff-5 

A4fcj:y'B4 imfcMmm<v>mmmtm<7)mw$5L 

*«fc^flM£*£#ALfcCoFe/I r/CoFe 
/I r-Mn/CoPe/I r/C o F e <7) 7 Sffiit^ 

ffl v vttcs b 4 commmtf'j?* v > . 

[0135] Ul±<0i 3 fcH4*oaBB**^4gi«ffiZ 

ffl u/s«^fcifji i 3*tt*5rri 1 3&**>3&>s . 

[0136] il^iJ: LT S iOj, A 1 N , 

MgO, L a A 1 O s itliC a F 2 ^ffi^t^Cti 

[0137] mmm 5 

07^(209 tSLitMRAM^U, Si/S 

i o 2 i/i(±s i o 2 lt±{;H2 9t^t± 33rfffii£ 

SB 5 ) *fl*UfcW*8MJH-S. 
[0138] SflA5il TaTii. F e -MnH 
5rSHl<?5R3filKttJB, Ni-Fe/Co-Fe«lf 
M*»^5r*flSl«3HKtt», Al 2 0 3 K^$l«i 
*fMi, Co 9 Fej^>fcft»2<Z)3M8ttJi, A1 2 0 3 
A»^>=a:6ll52<?3»«WcJB, Co-Fe*>fe5r6fl53tf5!J[ 

ttJH. Fe-MnA>6^:&^2cD^S®ttJH, A 1 

[ 0 1 3 9 ] MSB 514. Taj&»£>55r&TlftJi. Ir- 
Mn*»i5,fti»l<?5Rafiatt». Co-FeK4i» 
ltfO^ttS, A^Oa^^^K^iWfMI, Co 
-Fe/N i - Fe/Co-Fe^HMII^&Sfi^ 
<03fiKttJB. AlgO 8 j&»i?>*4SS2<0iW#Ji, Co- 
Fe£>£>=5rSgS3C93fiffltJl. tyh^-fy (CoK 

^Sffi305«tt^. I r-Mn*>^4St2<^)RMSR 
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[0140112 9t^§^X^i Mf}A5i3 iXf 

[0141] mmA5imTmoizLxftmLtz a m 
mzx^vfmwtzAti, mmn^mz i x i o-'To 

r r Izm^Ltzm, A r &»ALTBf^^J±*tC^t 
t.ISiC, Ta 5 nm/F e 54 Mn 45 18nm 
/Ni 8 Fe 2 5nm/CoFe 2nm/Al 2 0 3 
1. 7nm/Co 9 Fe 3nm/Al 2 0 3 2nm/ 
CoFe 2nm/Ta 5 nmJIMIUc. 4 
£u Al 2 0 3 lt MAr^'X^TA 1 *-y-y hfcfflv* 
TA 1 ^jSHL^f^. h&<K*£»AL 
X"7K*t«-r i t IZ X r> T 7E?j£ L . 

[0142] ±E«wm* jaML,fc«. ? * v y v y^ 

7 4 HEWfcJ: 9ft±3POT ailt 5 0 ^mllcOTgRIS 

[0 14 3] M:, SSieoP^W^-ySHtSL-fc 

*±gPOTaJi±^*^^^XhSrMffiL, EB 
»ISiiH£ fflV 1 CO A 1 2 0 3 i 0 ±i5cO#Jf<?)faifffl 
jDXSrftVK i^ffllxUm 2 , 0. 5x0. 5u 
mK 0. 15X0. I5p.m^<7mmf&hy^>vm^ 

t'-A^^j; 0J¥$3 0 0 nmOA 1 2 0 3 fctftStLfc 

a. «/aip/.x w**— >ts ± t)f-ew±coA 1 2 o 3 ?r 
U7^7U ®&mvm<nmMzmrmmm:m$LL 

[oi44] <k^x\ mm&mmmmma^mm^ 

^<50f*. h/ F5>-f ytOSffilB^t UN i 3 Fe 2 5 
nm/F e 54 Mn 46 1 8 n m/A 1 5 n mSrHIiftS 

[0 14 5] KHB5l4JaT«±'3fc:UTft«tfc. * 

«£X^y*§SWcA*l., WSm^S^ 1 x 1 0-'To 
r r fcR5gLfcfiL A r tafALTBf£w£EfttK£L 
it. StlC. Ta 5 nm/I r 22 Mn 78 18nm 
/CoFe 3nm/Al 2 0 3 1. 5nm/CoFe 
1 nm/N i 8 Fe 2 3nm/CoFe 1 nm/A 
1 2 0 3 1. 8nm/CoFe 3nm/Ta 5nm 

[0146] ±iamJiM&fiS:ip ufca. ? * hj v 

7 -f mUZ X K> ft iigflWT a Jf _h£ 5 0 mlMcDTSPffi 



[0 147] mz, Sl(7)UyX^?-yJiSU 
flL *Lh»<3TaJt±fc*^l^*h*£*U EB 
ffiHiSaSrfflWCf! 1 iJOA 1 2 0 3 J; *) ±m<7>&M<7ffiffl 
JlIl5:ffV\ fi-^ffif lxlxim 2 , 0. 5X0. 5 jul 
m2, 0. 15X0. 1 5//m20^mtth>-*;M$-££ 

b-A^*t±OJ!S300nmcOA l s 0 8 **»tL;fc 

[0148] ijc^-c, mffiiEiiwffmfflJiii^F^iifeg^ 

t'>yb7>f>-«ttfiSK*Si:LTCo/I r 22 M 
n 78 18nm/Al 5 nm&m%fflSL1z. S£3<7) 

Ltz. ^com. mm^mmmzmxt. vymiz-jj 

[0149] itmcotztblz, ETROi dfcWflc 

5 , WBD 5tJ itflK«E 5 fcfEKbfc. SflC 5im 
Wtr~M b y*)VmSmTX*fo 1 Ta 5 n m/ I r 
22 M n 78 1 8 nm/ CoFe 3nm/Al 2 0 3 1. 
5ni/CoFe lnm/Ni 8 Fe 2 3ni/Co 
Fe lnm/Ta 5 n m £ V> -3 WIffit 2rlTf~& » 

[0150] mpd 5«, m\B 5 bftmnwmm, 

~t t £h% r T -a, 5 nm/I r 22 Mn 78 1 8 n m/C o 
Fe 3nm/Al 2 O s 1. 5nm/CoFe In 
m/Ni 8 Fe 2 3nm/CoFe lnm/Al 2 0 3 
1. 8nm/CoFe 3 nm/ I r 22 M n 78 18 
nm/Ta 5 n mt C> 3 WJHffiJSSr^rrS . L,*»U 
02 9tO«it£«±^0. -hgEOI rMn*»ii>5rSIB2 

o^asae* (fcMTa sail ) <mm t ff^Hffi t 

yiiA i Jl^A^&oTv^. 
[0151] KfiE 5l4rafi«Stt«**44rV««ttr 
S b y^lVm-STfo 1 Ta 5 n m/C o F e P t 
13nm/Al 2 0 3 1. 5 nm/CoFe lnm/ 
Ni 8 Fe 2 3nm/CoFe lnm/Al 2 0 3 
1. 8nm/CoFePt 13nm/Ta 5nmi 

[ 0 1 5 2 ] El 3 0 CIS^A 5 W^ffifiiS*) 

A 5 J± 2 9 O e t V / /h $ %WmX 
MRf{t*2 8%^#^tU5. iflB5(J3 9 0e 
k V ^ /JnS ilit'M RS&ftSS 2 7 % <i tlX \ ^ . 

[0153]@31lC|fflA5 s B 5i3 «t?/C 5toVi 
TMR3Efly4^9«|i«EfiSs#tt*Sr^. Srfc. -OUT- 
(SMR^WSrSEO VOtlOlTSISft LT^LT 
US. iOH^, Ifi^AStiit^B 5«. 

\m Lxmmmimim^im^Mz^hmKN , , , *« 
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[0 154]ftC, m\A 5 . B5, D 5 tJ it^E 5 £ 

[0155] ELba ± 3 ^0 2 9«ffiit**t-|>5fiiStt 

[0 1 56] Srii, l$tt#=JIi US i o 2> A 1 N , 
MgO, LaA 1 O s itzliC aF 2 ^^^£U 



[0 1 57] I*|»J6 

StSltWl~4fcN«!Sr*ffifc:J:0. Si/sio 2; 
states i o,aHR±fc:, Hl-H4fc:s?«6*aiJi* 

»SttT(i. Ta, Ti. Ti/Pt, Pt, Ti/ 
Pd, Ta/Pt, Ta/Pd, T i N x<mvfix#>£ 

[0 158] ZtlhMMiZ^^X . MRfWl/2 
t=3*^4 flffittVi , 2 , lOOOOOEWJ-I 

( msssBsm ) <^ai^s(6 $■ & <o m l x t, . tfj7j«JE« 

[0159] UfctfoT, 
[0160] 



Sample 


V1/2 (V) 


VO00000)/Viriitial 


lr22Mn7e/CogFe/Si02/Co7Feg/Si02/CogFe/lr22Mii78 
(18nm) (2nm) CKSnni} (2.4nm)(1.9nnnX3nm) (20nm) 


0.71 


0.98 


FeMn/CD7Fe 2 Ni/AIN/Co 7 Fe3/AIN/Co7Fe2Ni/FeMn 
07nm) (3nm) C1 .9nm) (2.4nmX2-1nrriX3nm} {1 9nm) 


0.7 


0.96 


PtMn/Ni 8 Fe2/Go 9 Fe/Al203/Co7Fe3/Al203/Co9Fe/NieF&2/PtMn 
(t6nm) C3nm) (2nm) (1.4nm) (2nm) (1.9nm) (1nm) (2nm) (20nm) 


0.79 


0.99 


lr 22 Mn 7B /CD 4 Fe B /M e°' /CoFe / Ni B Fe 2/C<jFe/MsO/Cc>4FeQ/3r22Mn7B 
<l7nm) (3nm) (1.7r>m) (1 nm) (Tnm) (1 im){2.3nm} (3nm) (17nm) 


0.76 


0.96 


Co 85 fyJ M5 /Si0 2> / Go7Fe2Ni7lr22Mn7e/Co7Fe2Ni/Si02/Co8 5 Nij5 
<14nm) (2nm) (1.5nm) (18nm) (1.5nm) (2nm) (17nm) 


0.77 


0,97 


N i&Fe 2 / Co Fe / ALN/C 0/ F e N i 2/Fe Mn/Fe M i j/C 0/ Al N / C o/Fe 
{ 1 nm) (7nm)(t ^9nmXl nmXl nm)( 1 BnmXl .5nmX 1 nmX7nmXl nm) 


075 


0.95 


Go 85 F **1 5/Al203/Co7Fc2Ni/PtMn/Co 7 F«2Mi/AI 2 03/CoB5Fe 1 5 
(lOnm) (1.7nm) (2nm) (18nm) (2nm) (Znm) (14nrn) 


0.81 


0.91 


Co8oPt2<y M § 0 /CoFe/Ru/CoFe/NiMn/Go 6 Fe3Ni/M E 0/CcgoPt20 
(I2nm) (2.lnmXl.5nmX0.7nniXlnrnXl5nmX2nm) (2.2nm) (1 5nm) 


0.74 


0.94 


!r22Mn7s/CoFeNi/Si02/FeGa2Ni/F«Mn/FeC£>2Ni/Si0 2 /CDFeWi/lr22Mn7e 
(I9nm) (3nm) (2nm) (1.6nm) (15nm) (1 .6nm) (2nrn) (2nm) (1 9nm) 


0.71 


0.91 


lr22Mn 7B /CogFe/Al 2 03/FeCo/]r22Mn78/FeCQ/At203/Co9Fe/lr22Mn73 
(IBnm) (3nm) (UBnm)(t.6nm) (13nm) (1.6nm) (2nm) (2nm) (19nm) 


0.78 


0.98 


lr22Mn7B/CoFe/AIN/FeCo3NJi/tr2QMngo/FeCo 3 Ni/AIN/CoFe/lr22Mn7a 
{I9rtm) (2nm) (2.2nm) (l.Snm) <1 7nm) (1 .5nm) (2.2nm) <2nrn)(19nn0 


0,73 


0.98 


PtMn/CoFe Nt/MgO/FeCo2N(2/FeMn/Fe Co2Ni2/MgO/CoFeN t/PtMn 
(20m) C3nmX2.2nm) (1.6nm) (1 5nm) (1.6nm) C2.2nm) (2nm>C20nm) 


0.81 


0.91 


CGFeMi/Si0 2 /FeCo/Ru/FeCo/Ru/Co/Sr02/CoF E Ni 

(1 5jim)(2nmXl .5nm)(0.7nmXl.5nmX0.7nmXl.5nmX2nmXl 7nm) 


0.73 


0,97 


CoFePt/AIN/Co/Ru/Co/Ru/Co/AIM/CoFePt 

(1 5nmX2nmXl nm)(0.7nmXt nmXQ-7nmXt nm)(2nnnXl 7nm) 


0.78 


0.98 


CoFeNi/Si02/reCo/Ru/FeCo/lr 2 2Mn 7 9/CoFe/RLi/CoFe/Si02/CoFeNi 
Cl4nmX2iimX^7nmXOJnmXl.6nmXl7rTinXl.Br¥n)C0.8nmXl JnmX2.1nmXl4nm) 


OJB 




CoFe/AIN/FeCo/lr/Fe C o/PtMn/C oFe/l r/Co Fe/AI N/CoFe 

Ct 5nmXl -4nmXl nmX0.9nmX1nmX17nmX1 nmXO.SamX 1 nmX2 J nrrOO 5r\m) 


0.81 


0.91 



[oi6i]^, *muztswz, ^mmcom^mnk 



[0 162] ^»J7 

si/si o 2 3£«*fc{is i o 2 ii±tiLl;*tJ; 
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h y^/um-smT mmr 1 , t 2 & jot 3 > £ 

[0 163]|ff4Tlll TaTil, Fe-Mn/N 
i - F e 0)UMtj&»fe2:S» 1 <73R3SHEf£JB. C o F e 
*»4>=3r*S51«SS«ttJi, Al 2 0 3 K^flOit 
ffcR, Co 9 FeA»6sSr4S52«3Sl«ttJi, AljO s j&» 
&=5r-&SS2<7)ftSflsJI, CoFe^^^|>^3«3fifStt 
Jf % N i -Fe/Fe-Mn<7)-JI^j&^:5r&3i2CDS: 

-iTftico 9 f e3&»fe^&as2ogtaEttJBcoj«JS!&* 

2. 5nmfcR}£3;K.-CVv&. 
[0164] MfiT 1 filXF^i: 3 CUMUc, S 
«*XM°-y^SMtAtt, OTJ*£Jg£ 1 X 1 O-'To 
rrCRSLftft, A r £»ALTJ9rffi0>£EfJfc:RjeL 
it. ISit. Ta 5nm/Fe 5( Mn (f 20nm 
/Ni 8 Fe 2 5nm/CoFe 3nm/Al 2 0 3 
1. 7nm/Co 9 Fe 2. 5 n m/A 1 2 0 3 2 n 
m/CoFe 3nm/Ni 8 Fe 2 5nm/Fe 5t M 
n 46 2 0 nm/Ta 5 nm£JIIMtJIL£. Srfc,. A 
1 ,0 8 l±, tfiArtf^+TA 1 ^— y«y MfflUTA 1 
Jtffi£«ES£i:2r<l«£#ALT9X 
7» £ t fc =fc o T »j£ L fc . 
[0165] JJH!WK£J«lKLfc8L 7tb'JV ^ 
7 >f Sffifci 0«±SP<7)T affili±l: 1 0 0 ,umfll<7) 

[0 1661M:, i^iTx w^-y£Bfc3cL£fJL 7 
thuv ^5 7 <■ sat * fztevr-m v v ^5 7 * ssftj 

itfR I Et'j; 0fti:aif^)TafiQW±fc»^f1£*« 

Zm^XmiCDA l 2 O 3 ±0±SP«Co 9 Fe/A 1 2 0 
3 /CoFe/N i -Fe/Fe-Mn/TaODlL 

# 1 ^ mlilT«*^ *JBtfW-**£-fcfi* ; F16lJ V 
7 -f Sffi^fflV vfc . W:im±JkZV b ;^->- £ffM 
U X^^y^^i^iir^XvCVDSitJ; 3 0 

0nm<?)SiO 2 JiWL^S, l/y^FA^-y^J; 

t^?>±<7)s i o 2 £ y 7 W7i, m&mw&fflt 
[oi67] ik^x\ mm&mmmmmm^mm^ 

Wo l/y^hA7- ySMLt^ giH£i£XM.y^ 

lt? ^ffitA i &«y«Lfca. i^>' 

7.bvs°^— yfciW^A 1 Sr 'J 7 1-^7 tT. A 

[0 168] *T**Co 9 Fe36»/!> 
*4*2<0«a6ttJB^)l!W* 7 nmt LfcjaWi, i&ft 
TlfcBHWcl/CfBELfc. 

[0 16 9] KHT3li7U-Ji'CftftCo9Fe**ib 



£4f£2^3gSffiJICDllJ¥£- 1 7 nmt L£i^M4. K 

[0170] H3 3fc. litffT 1 , T2fcj;ll ; T3l;'? 
UT . »^<7)*-S«i: 7 U -Jftf>£K6«»i: <7)W«£^ 
iWH-C(4««tft^BW<0ia3K ( 1/W) £ LT 
US. 03 3t^r$ix4J:d^ tvf*uait**'C&SS£ 
K fc*/Jv$- 4 tefto T RteaWbS 1 **: LTU5. £ so z 
bit. MRAMJBffl(CfcV^TIdS^B*»'h'f 4tCfl!o 

A» U 7 U -Ji^JjUff^ffv 1 -C"{ilt^Ofg& # 

■O v& . -3k 7 'J -BcoiWltKSW V ^M«T 2 ti 

WC»i5>#l*»^B0 ■ 2 5 jum ( 1 /W= 4 ) <7)»-? 
fc*B LTKI6«*£Jt«H--& . WBT 1 T'iigyMI 
#1 0 0 O e 1 < , 4-f&7>£ &3r4t*HHfcfc:*tJ6 
"C& 4 . —3k iffiT 2 ti itXT 3 X'lZBimWMtf 1 0 
0 O e SrlMx.Tt3 *) „ MRAMj£ffl£^ve#£E^Wr 

[0171] H34^gmTl. T2t3j;VT3^0V 1 i 

us. 7 u -mcommtm^ i t«m r^l,^ 

* § ^ U T xm& V ! ; 2 0 . 9 V £ jg i T 
t3 0 ^ ^ 77Btti«j $*TC V ^ 4 . —3k 7 U - 
B^MffMblgWff ^iCHT 2 tj J: 3 14, SMKtt- 

Vi /2 {4 0 . 8 V*St3f> 0 . M«T 1 tCjrt^TBJ 

[0 172] H3 3i3iVH3 4^^, 7 'J — JlOJJ § 

7 'J -S<7)ff§ 3&>' 5 n miilTT"S>il(f . 0 . 2 5 ^ m)V 

-jucom^TKmmm^ ioooe nxTiznt^ti. & 

7 y -Jf^JJ S *t 1 n m*jSfc& 4 t , 7 'J - V^SK 

Ig&tmcofflMtfWmizZ: 0 , $ t i oT 

[0173] »4f?lj8 

s i/s i o 2 ffi£LB:Hl 4 0ia*«ji^*t-|»M 

RAM^{tMLfcCT^^-r o S i36Kl 5 1±K7°7X 

7CVDtJ:i5Si0 2 *{£lL,t. r?yy7ntx 
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=jx v ir-mmLy thy v/?7^ — t «t o 

?-y%&fS,L. R I EfclJ; 0 S i OjfcSfciiiilU 
* -y * a * fflv vc jtft c u * Mib&A, rtf» , c m p fc 

com. T5XvCVDtl»), 7-K5-fyi52±t 
gS250nm(0Si OjlMI^MLit. 
[0 174] i«iCH*^t<y^iaifc:A*i, lOP*^ 
Jt£3 x 1 0" 8 To r rtaftSU/sa. A r £r#A LT 
Bfje<?5£E*fc:»jetfe. s i o 2 JBISWeiRfflLh£. Ta 

TifeW/Cu (50nm) /Ni 81 Fe ls (5nm)/ 
I rjjMnjj ( 1 2nm) /Co s( Fe sl ( 3 n m ) / 
A1 2 0 3 (Inml/CojjFe,, (2nm)/Ni B1 
Fe lg ( 1 nm) /Co 9) Fe 1(l (2nm) /Ru 
(0. 9 nm) /C Ogo F e io (2nm)/NigiFe 
is (lnm)/Co 91 Fe„ ( 2 nm) /A 1 2 0 3 (1 
n m ) / C o 80 F e 20 (3nm)/Ru (0. 9 n m ) 
/Co 80 Fe 20 / I r 22 Mn 78 (12nm)/Ni B1 F 
e 19 (5nm) /AuSHJMLt. A 1 2 0 3 (±, 
MAr^X^A 1 ?-^>y h^fflWfA 1 £j£&Ut 

[0175] ±ia«iiffi±tc s i 3 n 4 Zfumt. uvx 

b LT 7 * b U V X5 7 >f tcj; 9 l/yXbA7- 
y^MU R I EtJ; 9&JMEIfcl 5 3*S£t4A 

-Y-?x7?tm®.Ltzm, 4 vynft\t\ mm 
m^MJLLtz. %co®, \s¥xb>^-y*W&\-,tz. 

[0 176]St, h SrMffiLT 7th'J 

U 'JyWj^fflV^l^A 1 2 0 3 J; 0± 

§BcO«S^SrJPltTTMR*-f fciE&ftUi. TMR* 
^CD-fc/MM XMTO. 4X0. 4ju.m 2 bL£z* % 

com, vitxh^f-yzmikLtz, 

[0 17 7] &VVC\ r^^CVDCiOS i o 2 ig 
iafe»JK*«BI t , CMPC±D2 50 n mOH£ if 

m-ix^mtLtz, ^ffl^cu, mum. nxucuz 
5 y yfZfiw t'vh7'fyi54. JBiStt&tra 

15 5, 13^27-^7^1 56*JBjftLfc. * 

$iiS77tt£, «MtES«JIfc:— Sflr»^rtt*aitALfc. 
[0 178] # £>iX/£ M R A M{CM lilTfO 3 ^>OTH 

[0 179] ( 1 ) TMRfftl mAOXtytSS: 
SEAL** 1 ^ 7-F7^fyi 5 2&J:VB2 1 7-K7 
^156tlOnse c««ft/^*SEL,Tfl^E 

Mill 1 50^ite^fiit^Bfflt«c6-|*jfc:CSiaK*&S- 
[0180] ( 2 ) TMR^^tfoxeymstcoaA^ 



[0 18 1] (3) 7-F5-fyi52JoJ;lM27- 
H5^156tl0nsec OB^Vl-X SrMLTK 

[ o 1 8 2 ] srfc, sisweas 1 1 5«Hitm*[fti^« 

mA— Si; L^o 

[0183] mmmm 1 1 5«i«n 

S&fk L fz k* 0 Mz X *) V M L It . 
[0184] AHJSWc&ftS 0. 4X0. 4v.m 2 k 
U^^XcOTMRifCWltli:, (2)OTMR$ 

1 0 m A £ TiftttD $ iirT i> , SKfcSi&tiMffll $ ti^r* 1 - j 

fc. ( 3 ) co^is^s 1 1 5«oswifcSri*i*j itffli 
iwmfcMSBWsmjirt-iSffi-rtt. «smi£«wi 1 

SOBMfcRft&Si^Jtfttcli. «Mfei*«l 1 sog 

a**l*Ifc*aHW** EPllirr 6 fc*X9*8tt* 4 . 3mA 

* rift&D s a -5 tz . 

[0 185] £*Lte*tL/t.. ( 1 ) c?«f)£T\ lmAO 
5,2.6 m AO«tftT«ieiiJi 1 1 5 <0«ffcRte 

wsnt. 4fe, mmmm 1 1 ^cn^mm^z 

Oct 3 4/hS^«S*«4 4TBt«iB«MI 1 1 5 

tt 0 il-f-i t ifi~C% hc\k tfhfr-otz . 
[0186] iOiafc, *||JSi9IJ<50MRAM<7)1iittj 

T , MRAM^ffiWaE'fttCff-a-rBKBtJiVTMR* 

^>f X^'/Js § < T , iESO^MS fz li b y*)V 
[0187] 

i "? a^t; J: -5 t 

4. MRAM^SHMEflSKffoTffilftKtSit^T 

m rjih^m x*vh§ < ^roT t , mmnmrnt tzit b 
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[Hi ] *n0B^m i (nmm&mmm^m^m^ 

[02 ] *HBHOlg2«ffiMffiK5il*^^»*«it^ 

[04 : ^wmmAcnmmMmmm^m^mm.^ 

[05 ] *^om4«iiMffiK«!js«^«^Mw^ 
*sii^^iiiTffl0. 

[06] mo s h 7^y'x h^Ittill y^;i/S^ 

[07 ] sfi^tt-Sby^/Wi-a-s-f-cDeyg^b-'/ h 
"y^y<^—m^m^th, 06<^MRAM<7)ifr®0 o 

[08 ] ?4 yf- K 1 3S»I4-* h >*)Vm k £ 

[09 ] ^m^-mhy^^m^^ymti^ y h 

yjyco— fflZffif&-f&, 08«MRAM<7)!lfffi0„ 
[01 0] «a^tt^MRAMCMi^iil>littZ 

[01 1 ] ^fgBJ^ffi^MRAM^fflV^ft&SSIS^ 

[01 2] *^BJ<7)ffi<7)MRAMtfflVU 3 ni>3Sett~ 

[013] *wimzi$&MRAMcM£^-tmmm<, 

[014] ^Wmzi%&MRAM<r>m<r>m$:^-tmffi 

0. 

[015] ^wmzi^hhy^m^mm%mm^m 
^?t^&Mm&mm^>y v^mttm^^y ft* 
yy^j^mmm. 

[ 0 1 6 ] 0 1 5 iz^-fm^ -v F T-fe 'J SrfgK t 

[017] mmm 1 ^SAfciiA'B^^fiijt^ast 
[01 8] mmmicoumA^ Bfciyci^^tiM 
[019] mmmi^mmA^ Biut/mco^T. ^ 

[02 0] ^Jft^lJ 2 CDISW A 2 fc^V'B 2 01gMffifSStl 
Sft«2-^-f-0, 
[02 1 ] mmm2cr,MMA2. B2fcJ:VC2tCO^ 

[02 2] jlM0ij2«IS^A2, B2iiJ;VD2^^ 

0, 

[023] mm\3<nmAA3tekVB3<nMmmm 

[02 4] M4(?iJ3 0M«A3. B3fej:VC31.C-P^ 



[02 5] ^JfiM3^|«WA3. B3£J;VD3^0U 

t, yv^mM^Mmmmkm^mEk^mm^ 

[026] SIMM 4 tDlffi A 4 is J: V B 4 cnmSmtnM 
*«^^t-0„ 

[02 7 ] mtm4<r)WmA4 ^ BAH^UCAliZ^^ 

[028] SH*#J40DISPIA4. B4fcJ;£>'D4l;:oU 
t, ^^««^)RKIlB8:4:aiSj«EE4:<0Wfl5*^ 

[02 9 3 Ht6M5 tjsft^f^jl^b'^ 15^f 

[030] mmm 5 mm a 5 a ixsb 5 cvmsmmh 

[03 1 ] SBrfiM5C0|«^A5. B 5$5 XlfC 5 
TjlMfiK^-fWOEPSl«E{S#tt^^^0 . 

[03 2] HJ£M5<D|£t4A5. B5, D5$3itfE5 
(w^-C . ^PX«»«RKI1I3R t ftil«± <7)HS«£ 

[03 3] ^iM7«Mf4Tl, T24J±trT3tCOV^ 

[03 4] mHkM7comHTl „ T2fcJ;y'T3(:'3^ 

[^■f-tfOlMHJ] 

■33 1 ^KSfiESttS 
■33 1 <?>3£ffltttJI 



1 1 

1 2 
1 3 
1 4 
1 5 
1 6 

1 7 

2 0 
2 1 
2 2 
2 3 
24 
2 5 
2 6 

2 7 

3 0 
3 1 
3 2 
3 3 
34 
3 5 
3 6 
3 7 
38 



332^«ffi/I 

33 i <mw&m 
m i 

m i ^ossfiiitta 

333<93£SffiB 

m2(7mnfam 
m i co&mmm 

33 1 

33 i comwfcm 

w,2<nmwm 
m4 commm 
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111- 

± ± ± 


1 






119- 

J. ± Zj 








1 1 Q. 

± ± Jj 


.Mj 1 ^ICk 1 LLsJ : W-'b 


A 9 ... 


W> -L ^^aTd K+ V 'H 


1 1 4. 






^9<r)4£Jr5M^)^ 
5nf Z ^ JlmwZ IzcVb 


1 1 R ■ 

± J_ _J 




A A--- 




1 1 h ■ 




4 c ... 




117- 


M > Z ^ ^flXS 1 LiLMJ ^ f h 


ZL A ■ ■ - 


>F> Z ^ -^v hTOES IZL/b 


1 1 ft- 


■ - "IS 9 iT^Jv S^^'Ntp 

yr? Z ^ -"X^ytKw, 1x1/ b 


ZL 7 ... 




1 1 Q ■ 




ZL ft ■ ■ ■ 




191. 

J. Zd ± 




4 9 ■■■ 


>w ^^jiKWs/i IX./ q 


19 9- 

X z z 


'A j J- ^ ^'y^ly^WX IxI-'h 


c n ■ ■ ■ 




X Zi Zj 






1 s S - >. y 


X Zj "4: 








1 9 R ■ 

± Zj _u 




AO... 

W Z 


y 1 Egj'igs v ttJL^PU L^rn ✓ 1 y \ y / 


1 OA. 

X Z 




6- 9 




19 7- 

X z / 


■ 9 sDfitikPSt^r)^ 

>nf Z ^ ^ vJsa I LiLLLI /b 


7 1 ■■■ 

i x 


i_j <r Jlhy>ru s 1 y \ y 


X z 0 


• ■ v& 9 £D f^^^'f* 
5pr Z; ^v'^C^ffitClX IOIv'b 


7 o ... 

I Z 


— * y y s \ y fv 


1 00. 

X Z J? 


b 


7 q ... 


1 ^lii/H 


X J X 


•■Si ^tf? 


74... 

1 ^X 


1— / 1 y \ y 


X J z 


/ 1 -/ 1 ✓ 


Qf]- 
o yj 


y 1 -/j 1 


1 i^q. 

X _J _J 




ft 1 ■■■ 
O 1 


1 


1 ■=> zl ■ 


^ / 1 y \ y 


Q 1 ... 


1-7 — k ^7 V 

/ 1 j \ y 


1 R R ■ 




Q 9 ... 

-? Z 


K «v K ^7 >f V 
*— / \ s \ y 


X _J 


. .^g 9 1-7 k^yf v 

z y I _y I 


i n i 

1 U 1 


1 Hli^B 


9 n 1 ■ 

Z LJ X 




1 n 9 

X ^ Z 




9 0 9- 

Z z 




1 U j> 




0 n ^ . 

A U j ' 




1 0 4 




2 04- 




10 5 


-mmmm 


20 5- 




10 6 




2 11- 


■■Ufa? 


10 7 




2 12- 




108 




2 13- 




10 9 




2 14- 


»3jf>f xr?>f ;p^t— 



[HI ] 



[02] 



[03] 



10 



^ >#i ip» //A 



20 



-17 

-16 
15 
14 
13 

-12 

-11 



27 
25 



-24 
-23 
-22 
-21 



30 



:sff4^yfitettt^n — - 



K1 OJSMM^Ji 



-38 
-37 
-36 

-35 
-34 
-33 

-32 
-31 
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[04] 



[05] 



[06] 



40 

/_ 



49 
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